Background: Arteriovenous (AV) access confers survival benefits over central venous catheters (CVC) in hemodialysis patients. Although chronic kidney disease disproportionately affects women and racial minorities, disparities in the utilization of hemodialysis access across Asians, Native Americans, Hispanics, blacks, and whites among males and females after accounting for pre-dialysis health are not well studied. Methods: We evaluated 885,699 patients with end-stage renal disease who initiated hemodialysis between January 1, 2004 and December 31, 2014 using the US Renal Data System. Multivariable logistic regression models adjusted for pre-dialysis health were used to test the associations between gender and race on type of vascular access (AV access vs. CVC, and AV fistula vs. AV graft) at hemodialysis initiation as primary outcome, and on 1-year mortality as a secondary outcome. Results: Mean age was 65 ± 14 years. Females were less likely to use AV access for hemodialysis initiation than were males (OR 0.85; 95% CI 0.84-0.86). Compared to whites, adjusted odds of AV access for hemodialysis initiation were higher in blacks (OR 1.08; 95% CI 1.07-1.70), Asians (OR 1.11; 95% CI 1.07-1.14); and lower in Hispanics (OR 0.89; 95% CI 0.87-0.90). There was no significant difference in mortality between males and females. Compared to whites, 1-year adjusted mortality was lower in Asians (OR 0.55; 95% CI 0.53-0.56), blacks (OR 0.67; 95% CI 0.66-0.68), Hispanics (OR 0.62; 95% CI 0.61-0.63), and Native Americans (OR 0.62; 95% CI 0.58-0.66). Conclusion: Females had lower odds of using AV access than do males for hemodialysis initiation. As compared to whites, blacks and Asians were more likely, and Hispanics were less likely to use AV access for first outpatient hemodialysis. Further investigation of biological and process of care factors may help in developing ways to reduce these disparities.
Introduction
End-stage renal disease (ESRD) is a global public health problem that affects more than 660,000 people in United States, and is characterized by high morbidity and mortality [1] . ESRD is notable for poorly understood differences in its prevalence or complications across gender and race [2, 3] . While the prevalence of early stages of chronic kidney disease is similar across different races, ESRD disproportionately affects the nation's minorities. For example, compared to whites, the prevalence of ESRD is 3.7 times greater in blacks, 1.4 times greater in Native Americans, and 1.5 higher in Asians and Hispanics [4] [5] [6] . Even though Asians are the fastest growing racial group of the United States population, outcomes in Asian patients with ESRD are not well studied [7] . Hence, research on potential disparities in the provision of health care during the pre-ESRD period and its associated clinical outcomes in ESRD patients become relevant.
The type of vascular access at the initiation of hemodialysis remains a key outcome that impacts survival as well as resource utilization among patients with ESRD. The clinical practice guidelines for vascular access recommend the use of arteriovenous (AV) accesses -native fistulae or synthetic grafts over central venous catheters (CVC) for hemodialysis, due to lower risk of mortality and morbidity [8, 9] . Furthermore, CVC results in high resource utilization due to the costs associated with procedural complications, infections, and hospitalizations [10, 11] . Differences in biological factors associated with gender and race can influence the type of vascular access at incident dialysis. Women are shown to have lower probability of receiving AV fistula than men [12] . Zarkowsky et al. [13] reported that Hispanic or black patients tend to use AV fistula less frequently than white patients to initiate hemodialysis; but did not consider AV graft as one of the parameters of successful AV access [13] . Prior studies stratified by race did not look at gender differences among them, or took into account Asian and Native American patients. Additionally, there are no studies that have comprehensively accounted for all of the available factors determining the pre-dialysis health status (for example, functional status, pre-ESRD nephrology care, comorbidities, employment status, and laboratory parameters of anemia and low albumin) that could potentially be associated with the type of vascular access in patients with ESRD [14] .
By utilizing information from US Renal Data System (USRDS), and accounting for differences in pre-dialysis health, we evaluated the type and frequency of hemodialysis access use in incident ESRD patients across males and females in 5 different racial categories. One of our objectives was to examine the impact of gender differences between white vs. black vs. Hispanic vs. Asians vs. Native Americans ESRD population on incident vascular access.
Material and Methods

Study Population and Data Sources
An observational cohort study of a national database was performed using 885,699 adult patients with ESRD who initiated hemodialysis between January 1, 2004, and December 31, 2014 from the USRDS. We identified all patients in the USRDS with a first ESRD service date for maintenance hemodialysis from January 1, 2004, to December 31, 2014 who had not received a kidney transplant (n = 1,106,937). We excluded patients who were on peritoneal dialysis or who had missing information on dialysis modality (n = 108,142), or on vascular access (n = 111,324), race (n = 1,707), or gender (n = 65). Patients were followed for mortality from dialysis initiation to the end of the study period, August 1, 2016 giving each patient at least 12 months of follow-up. The University of Cincinnati review boards approved this study and waived the need for informed consent. Figure 1 demonstrates the study cohort derivation.
A physician is required to certify the Centers for Medicare and Medicaid Services (CMS) medical evidence report form-2728 for incident hemodialysis patients. We used information derived from form CMS-2728 to determine demographics (age, race, gender, body mass index), hemodialysis modality, vascular access (AV fistula, AV graft, catheter, and others), comorbidities (congestive heart failure, atherosclerotic heart disease including other cardiac disease, hypertension, diabetes mellitus, cancer, peripheral vascular disease, stroke, chronic obstructive pulmonary disease, and amputation), employment history, insurance, pre-dialysis nephrology care, nursing home residence, cause of ESRD, laboratory data (serum albumin and serum hemoglobin), functional status, and access to transplant information. Dates of death were obtained from USRDS patients' file. We included the following covariates to determine the pre-dialysis health in patients with ESRD: pre-dialysis nephrology care, nursing home residence, functional status, comorbidities, and laboratory data (serum hemoglobin and serum albumin). The primary cause of death was ascertained from form CMS-2746 (cardiovascular disease, infections, malignancy, withdrawal of dialysis and others/unknown) [2] .
Outcome and Predictors
The primary outcome of this study was the type of vascular access at the time of initiation of hemodialysis and modeled as (1) AV access (which included AV fistula and AV graft) versus CVC (which included catheter and others); and (2) AV fistula versus AV graft. The secondary outcome was 1-year mortality. Gender was categorized as male and female. Race was grouped into Hispanic, non-Hispanic white, non-Hispanic black, non-Hispanic Asian, and non-Hispanic Native American.
Results
The mean age of the patients was 65 ± 14. The majority, 56.3%, was male. Most of the patients were white (53.2%), followed by black (28.1%), Hispanic (13.7%), Asian (4.1%), and Native American (0.9%). Overall, CVC was the dominant hemodialysis access type, used in 82.5% of the patients. Table 1 shows the baseline characteristics in the entire study cohort and for males and females. Females had higher rates of obesity (43.5 vs. 33.6%, p < 0.001), diabetes (59.3 vs. 55.1%, p < 0.001), and congestive heart failure (35.7 vs. 34.2%, p < 0.001) than did male patients. Additionally, females were younger and were more frequently employed and insured. Females had higher rates of poor functional status (18.6 vs. 14.5%, p < 0.001) and were more likely to have a history of nursing home residence (9.7 vs. 7.4%, p < 0.001), than were males. Low albumin < 3.5 (51.8 vs. 50.1%, p < 0.001) and low hemoglobin < 11 (72.4 vs. 69.3%, p < 0.001) were more frequent in females. Female patients had a slightly lower frequency of AV access for hemodialysis initiation than male patients (16.2 vs. 18.5%, p < 0.001). Unadjusted 1-year mortality was similar for males and females. Table 2 shows the baseline characteristics across different races for the incident ESRD population. Whites had the highest rate of congestive heart failure (38.2%), whereas Native Americans had the highest rate of diabetes (78.0%). Hispanics, blacks, and Native Americans were more likely to receive no pre-dialysis nephrology care followed by whites and Asians (35.2, 33, 32.4, 28.9, and 27.6% respectively, p < 0.001). With regards to octogenarian status, whites had the highest rate, while Native Americans had the lowest rate (22.0 vs. 5.2%). In unadjusted analyses, Asians had the highest frequency of AV access use followed by whites, whereas Hispanics had the lowest frequency of AV access for hemodialysis initiation (20, 18 , and 14.6% respectively). Figure 2 shows the distribution of types of vascular access across gender and race in the incident hemodialysis population. Among females, the frequency of AV access was highest in Asians followed by blacks, Native Americans, whites, and Hispanics (18.7, 16.7, 16.7, 16 .4, and 13.6%). Among males, the frequency of AV access was highest in Asians followed by whites, blacks, Native Americans, and Hispanics (21.1, 19.2, 18.3, 17.9, and Age <18 years n = 10,924
History of transplant n = 141,348
On peritoneal dialysis or missing information on dialysis modality n = 108,142
Missing access type n = 111,324
Missing or unknown race n = 1,707
Missing gender n = 65 15.4%). Overall, Asian males had the highest rates of AV access, whereas Hispanic males had the lowest rates of AV access (21.1 vs. 15.4%). With regards to the use of AV graft for hemodialysis initiation, the highest rates were noted in black females, and lowest rates were present in Native American males (5.8 vs. 1.6%). There was no significant interaction between race and gender for the outcome of AV access vs. CVC (p = 0.69), or AV fistula vs. AV graft (p = 0.10) for the initiation of hemodialysis in incident ESRD patients. Figure 3a shows the unadjusted and adjusted odds ratios across gender and across the 5 races predicting hemodialysis initiation with an AV access vs. CVC. Females had lower adjusted odds of using AV access for hemodialysis initiation (OR 0.85; 95% CI 0.84-0.86; p < 0.001). Black patients had higher adjusted odds of initiating hemodialysis with AV access as compared to white patients (OR 1.08; 95% CI 1.07-1.10; p < 0.001). Asians were also more likely to use AV access for initiation of hemodialysis than were whites (OR 1.11; 95% CI 1.07-1.14; p < 0.001). In contrast, Hispanics had lower odds of using AV access to start hemodialysis in incident ESRD patients as compared to whites (OR 0.89; 95% CI 0.87-0.90, p < 0.001). The odds of AV access versus CVC were not statistically different in Native American patients compared to that of white patients (OR 1.04; 95% CI 0.98-1.10).
Within the AV access type, we modeled the incident use of AV fistula compared to AV graft. Figure 3b shows the unadjusted and adjusted odds ratios across gender and across 5 different races predicting the initiation of hemodialysis with an AV fistula versus AV graft. Females were less likely to use AV fistula over AV graft than were males (OR 0.86; 95% CI 0.87-0.90, p < 0.001). As com- Overall, one-year mortality was 24.9% and 90-day mortality was 9.1%. In the known causes of death, cardiovascular was the most common cause of death (25.7%) followed by withdrawal of dialysis (7.7%). Figure 4 shows the adjusted ORs for gender and race predicting 1-year mortality in incident hemodialysis patients. There was no difference in mortality between males and females who were on incident hemodialysis (OR 1.01; 95% CI 1.00-1.02). As compared to Whites, adjusted 1-year mortality was lower in blacks, Hispanics, Asians, and Native Americans (OR 0.67; 95% CI 0.66-0.68, p < 0.001; OR 0.62; 95% CI 0.61-0.63, p < 0.001; OR 0.55; 95% CI 0.53-0.56, p < 0.001; and OR 0.62; 95% CI 0.58-0.66, p < 0.001 respectively).
Discussion
Despite improved health outcomes associated with AV fistulas, 80% of Americans initiate hemodialysis using a catheter, and that rate can be influenced by several factors [6] . Our study is one of the largest studies, which examines a national cohort of all incident ESRD patients over the span of 10 years, for disparities in vascular access across 5 different racial groups and effect of differences in gender within each of the racial groups; and further accounts for parameters of pre-dialysis health. The current study demonstrates that females and Hispanics had lower likelihoods of using AV access to start dialysis than males and whites, respectively, whereas both blacks and Asians were more likely than whites to initiate dialysis with AV access. Additionally, only Native American patients among the non-white races had higher odds of AV fistula vs. AV graft for dialysis initiation than did whites.
Historically, black race has been associated with lower likelihood of initiating dialysis with an AV fistula [15, 16] . Zarkowsky et al. [13] reported that white patients had a 22% greater chance than did black patients of initiating hemodialysis with an AV fistula versus combined groups of AV graft and catheter. Our study modeled the use of permanent AV access (AV fistula or AV graft) compared to catheter or others; and found that blacks had 8% higher adjusted odds of using permanent access compared to whites. The likelihood of AV access was higher in blacks in spite of them receiving less pre-dialysis nephrology care and lacking insurance. Since white patients were older and had higher frequency of congestive heart failure, it is plausible that they initiated dialysis more frequently with a catheter. Furthermore, black patients had 48% lower odds of using AV fistula versus AV graft. Even though black patients were younger, our findings of higher AV graft use could be attributed to their higher rates of atherosclerotic heart disease and obesity, which is associated with failure to maturation of fistula, and compromised vascular anatomy impeding the use of native vessels for fistulae [17, 18] . Unlike the observations in black patients, compared to whites, Hispanics were 14% less likely to use AV access versus CVC; and were also less likely to use AV fistula versus AV graft for hemodialysis initiation. Furthermore, Hispanic patients of both gender had the lowest use of AV access. Prior studies have reported higher rates of diabetes mellitus, less pre-ESRD nephrology care, and lower levels of serum albumin at ESRD initiation in Hispanic patients, and these are important markers of pre-ESRD quality of care [19] [20] [21] and our findings confirm this result. Arce et al. [16] showed that Hispanics are less likely to use AV access for first outpatient hemodialysis compared with non-Hispanics, and attribute this to variation in the access to pre dialysis nephrology care. Our study findings were similar; however, the disparity persisted even after adjusting for pre-dialysis health status including nephrology care, suggesting the influence of biological or other factors. We speculate that factors such as rate of progression of CKD or the timing of dialysis initiation in Hispanics may lead to suboptimal time necessary for planning and maturation of AV access prior to initial hemodialysis [22, 23] .
Interestingly, Asian patients of both genders had the highest incidence of AV access use for hemodialysis ini- tiation. Frankenfield evaluated a national random sample of hemodialysis patients (n = 8,853) in the United States and reported that a higher percentage (36%) of prevalent Asian patients were dialyzed with AV fistula than white patients (32%) or black patients (26%). However, they did not study the differences in the incident vascular access among Asian ESRD patients by gender [24] . In our study, despite lower adjusted odds of AV fistula versus AV graft in Asians as compared to whites, Asians patients had 11% higher odds of AV access versus CVC. Biological differences leading to lower tendency of thrombosis in Asians may contribute to them having a higher prevalence of AV access [25] . Gender-related differences continue to persist in the use of vascular access use for hemodialysis initiation. Markell et al. [26] analyzed 187,555 patients from USRDS; and reported that the rate of AV fistula use was 30% lower in women compared to men. Our study showed similar findings; and women, relative to men, had 15% adjusted lower odds of AV access versus CVC. While many factors like no pre-dialysis nephrology care, lack of insurance, poor functional status, and comorbidities could contribute to the choice of vascular access among ESRD women, gender differences persisted even after accounting for all the significant factors for predialysis health. Surgical technique issues, referral patterns, or transition to care may be additional contributing factors. Women have smaller vessel diameters, and fistulas are less likely to mature in women than in men [27] . Additionally, the severity of CKD may be recognized later in women due to lower muscle mass, resulting in a delayed referral to a nephrologist. Moreover, patient preferences could play a role, with a higher preference among females for use of CVC due to "no sticks" with large needles, and no bleeding after dialysis, or cosmetic reasons [28] . This finding with marked gender disparity suggests some aspect of bias, either on the part of the physician or the patient. The limitations of our study include the observational design, which precludes the determination of causality. Additionally, variability in the quality and completeness of the data recorded on form 2728 is associated with its inherent limitations for utilizing USRDS data. Yet, this represents one of the largest national cohorts of ESRD patients examining the type of vascular access, and gender and racial disparities. Other unmeasured variables such as educational level or household income may influence the associations, but these were not available in form 2728 for our analysis. However, we adjusted for pre-dialysis health including comorbidities, functional status, nursing home history, employment status and insurance, which may impact the choice of vascular access. The study also could not account for unmeasured confounders outside of the registry; however, by examining a large sample over a 10-year period would potentially minimize any qualitative differences.
In conclusion, our study demonstrates significant disparities in vascular access use in hemodialysis patients in the United States, despite the translation of practice guidelines for hemodialysis vascular access into national clinical performance measures. The sociocultural underpinnings of these disparities deserve investigation aimed at understanding why certain populations do not receive the well-known benefits of this multidisciplinary approach to the care of patients with ESRD with regards to AV access placement. To eliminate these disparities, crafting successful solutions requires quality improvement strategies to improve the prevalence of AV access with a focus on selected races and genders; and physician and patient education about their practice patterns and possible biases.
Disclosure Statement
All the authors have no disclosures and competing interests. The results presented in this paper have not been published previously in whole or part, except in abstract format. The data reported here have been supplied by the US Renal Data System (USRDS). The interpretation and reporting of these data are the responsibility of the authors and in no way should be seen as official policy or interpretation of the US government.
Funding Source
S.S. is supported by a Junior Pilot Faculty Award from University of Cincinnati's Department of Internal Medicine.
